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Abstract. Concerning the red clover breeding, it is essential to choose as genitors those varieties that 
possess good characteristics.  In order to identify potential genitors, two red clover varieties were 
studied at Cluj-Napoca: Roxana, diploid variety and Napoca-tetra, tetraploid variety. The analyzed 
traits comprised the number of capitula/plant, number of seeds/capitulum and the binding process, 
under the aspect of their contribution to the seed crop and the interaction between those components, 
in order to provide important clues about di-and tetraploid red clover seed production, for plant 
breeding. The highest variability (s%=30) presented regarding the number of flowers/capitulum, 
diploid variety comparatively with a lower variability (s%=26) regarding the number of flowers 
number/capitulum, tetraploid varieties. Several traits were compared between di-and tetraploid red 
clover varieties in order to find genitors which can be used for creating new genotypes with high seed 
production level. 
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INTRODUCTION 
 
The Red clover is one of the most valuable forage plants grown in our country due to 
its high nutrient potential, chemical composition, forage value with high productive biological 
potential, strongly manifested especially in the traditional culture of the sylvan regions with 
hot and damp summers, but also as a melliferous plant (Savatti, 1998). 
Among the plants considered "typical" cross-fertilized there is also the red clover, the 
seed production of which being conditioned by several factors. The advantages of the red 
clover as a high qualitative and productive forage plant, are significantly reduced by the low 
seed production obtain within the unit area. This situation is emphasized in the case of the 
tetraploid red clover, representing the limiting factors of its expansion on large surfaces, the 
mixoploid plants, their presence within the culture leading to significant disturbances of the 
pollination because the haploid pollen contained by the diploid capitula may reach, with the 
help of the pollinators, the tetraploid stigmas, producing triploid embryos. Most of the times, 
the triploid embryos were aborted, thus resulting a general decline of the fertility (Anderson 
and Hill, 1974; Savatti et al., 1984, 2002). 
In the diploid capitula only diploid seeds will form because the haploid pollen, mixed 
with the diploid pollen of the diploid stigmas possesses an incomparably greater competitive 
strength. The new diploid seeds will contribute in what concerns the progeny, by the haploid 
pollen, to an important disorder of the fertility in a population of tetraploid red clover. 
The literature brings little information regarding the isolation distances between the 
red clover seedlings in order to achieve and maintain an appropriate biological purity but, 
considering the controversial issues in the literature, Savatti and Pamfil (1984) considered as 
appropriate the solving of this problem by the means of a vast experiment. Following the 
results, the authors concluded that the presence of neighboring diploid and tetraploid red 
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clover varieties within the fields of improvement, as well as within the seed production lots, 
present certain disadvantages in terms of seed production in both situations. 
 
MATHERIALS AND METHODS 
 
For the experiments we used two red clover varieties created at Cluj: Roxana- diploid 
and Napoca Tetra- tetraploid. 
The study comprises two experimental approaches: 
 During the first experience two batches were seeded with the varieties afore 
mentioned, with 60 cm distance between rows. Each seed batch had an area of 415 
square meters (23 rows of 30 m with 60 cm distance between rows). 
 During the second experience a strip of 216 square meters with sainfoin (12 rows, 30 
m long with 60 cm distance between rows), was inserted between the two red clover 
varieties with different degrees of ploidy. The biological purity of the two varieties 
was 100%, the seed used originating within the space isolated experimental batches 
where the capitula were manually harvested in order to avoid any mechanical or 
biological contamination. 
In the second year of vegetation, from the mowing number II, for each row there were 
harvested 50 capitula from both varieties, finally analyzing a total of 4,000 capitula. 
Determinations were made regarding the number of flowers of the inflorescence, the number 
of seeds of the inflorescence and by comparing the number of seeds to the number of flowers 
per capitulum the binding percentage was determined. The variability of these characters was 
processed into estimated values  (arithmetic mean), s (the standard deviation of the arithmetic 
mean) and s% (the coefficient of variation), (Ardelean, 1984). The coefficient of variability 
(s%) was interpreted considering that the frequency distributions with values below 10% had 
a smaller variation, those with a variation coefficient of 10-20% presented a medium variation 
and those with a variation coefficient over 20% a higher one. The significance of the 
difference limit (DL) was calculated thus: 
DL=t × sd ; 
DL = t × sd;  t = 
ds
d
 
The witness taken into consideration was the one closest to the source of foreign 
pollen. Correlations were also established between the distance from the pollen source and the 
degree of binding the foreign seeds. The most used index, to express the intensity of the 
correlation, was the correlation coefficient r, which has a relative value which can vary 
between ± 1 and 0. The total amount indicated no correlation, and values +1 and -1, the total 
positive or negative correlation between parameters. The more the value of r tends toward 0, 
the more the correlation is weaker and the more it is closer to 1, the more the correlation is 
pronounced. 
   





 





 




n
y
y
n
x
x
n
yx
xy
r
2
2
2
2
 
For the interpretation of the results a statistical significance of the correlation 
coefficient was established. To see whether the correlation coefficient is statistically insured 
or not, subject to statistical verification test using F. Math correlation nature and laws that 
characterize the dependence between the studied parameters was established using 
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mathematical equations functional (regression equations). Statistical verification of regression 
was performed using F test (SĂULESCU, 1967). 
 
RESULTS AND DISCUSSIONS 
 
1. The number of flowers of the capitulum 
The experimental results that we have obtained are presented in Tables 1 and 2. 
Regarding the number of flowers of the capitula of the Roxana diploid red clover variety 
(Table 1) we can observe average values between 88.6 and 122.9 for different sampling 
points, and for the tetraploid variety Napoca-Tetra (Table 2) between 91.0 and 120.2. It is 
clear that the distance between the sampling points does not affect the variability of this 
character. 
Regarding the coefficient of variability and the variability parameter indicating the 
studied character, we can ascertain that the diploid variety has values between 12 and 30, and 
the tetraploid variety between 13 and 26, which show that the number of flowers of the 
inflorescence within the two degrees of ploidy is medium to very variable. 
We can also assert that the two degrees of ploidy present no significant differences 
concerning the number of flowers/inflorescence. 
 
Tab. 1. 
The variability of the number of flowers of the diploid red clover capitula 
No. 
crt. 
Variant 
(distances between 
lines - m) 
Average number of 
flowers/capitullum 
X ±s X  
D t Signific. S% 
1 0,60 (Mt.) 113,5±3,1 - - - 19 
2 1,20 102,6±3,2 -10,9 2,4 0 22 
3 1,80 120,3±5,2 -6,8 1,1 - 30 
4 2,40 117,0±3,1 -3,5 0,8 - 19 
5 3,00 93,3±3,9 20,2 4,0 Xxx 29 
6 3,60 105,8±4,0 -7,7 1,5 - 26 
7 4,20 110,2±4,1 -3,3 0,6 - 26 
8 4,80 105,3±2,5 -8,2 2,1 0 17 
9 5,40 95,7±3,1 -17,8 4,0 000 22 
10 6,00 122,9±2,1 9,4 2,5 X 12 
11 6,60 103,6±3,4 -9,9 2,2 0 23 
12 7,20 115,5±4,2 2,0 0,4 - 26 
13 7,80 95,8±2,0 -17,7 4,8 000 12 
14 8,40 102,4±3,0 -11,1 2,6 0 21 
15 9,00 103,2±3,6 -10,3 2,1 0 24 
16 9,60 120,0±3,3 6,5 1,4 - 19 
17 10,20 94,4±2,9 -19,1 4,4 000 22 
18 10,80 119,9±4,2 6,4 1,2 - 25 
19 11,40 119,5±3,4 6,0 1,3 - 20 
20 12,00 88,6±3,1 -29,4 5,7 000 25 
21 12,60 104,8±3,9 -8,7 1,7 - 26 
22 13,20 116,6±3,5 3,1 0,7 - 20 
23 13,80 99,8±7,1 -13,7 3,3 00 21 
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Tab. 2. 
The variability of the number of flowers of the capitula for the tetraploid red clover 
No
. 
crt. 
Variant 
(distances between 
lines-m) 
Average flowers 
number/capitullum 
X ±s X  
D T Signific. S% 
1 0,60 (Mt.) 98,4±2,42 - - - 17 
2 1,20 91,0±2,38 -7,4 2,2 0 18 
3 1,80 99,6±3,34 1,2 0,3 - 23 
4 2,40 93,2±2,50 -5,2 1,5 - 19 
5 3,00 108,2±2,71 9,8 2,7 X 18 
6 3,60 108,8±3,03 10,4 2,7 X 19 
7 4,20 93,3±2,48 -5,1 1,5 - 19 
8 4,80 105,4±2,63 7,0 1,9 - 18 
9 5,40 96,1±2,14 -2,3 0,7 - 16 
10 6,00 107,5±3,23 9,1 2,3 X 21 
11 6,60 98,4±3,64 - - - 26 
12 7,20 96,1±2,95 -2,3 0,6 - 21 
13 7,80 108,8±2,24 10,4 3,2 XX 15 
14 8,40 118,5±3,45 20,1 4,8 XXX 20 
15 9,00 99,2±3,44 0,8 0,2 - 24 
16 9,60 105,8±2,66 7,4 2,1 X 13 
17 10,20 101,9±2,38 3,5 1,0 - 16 
18 10,80 120,2±3,64 21,8 4,9 XXX 21 
19 11,40 111,5±4,13 13,1 2,7 X 26 
20 12,00 105,8±2,92 7,4 1,9 - 19 
21 12,60 97,5±2,40 -0,9 0,3 - 17 
22 13,20 102,6±2,84 4,2 1,2 - 19 
23 13,80 116,9±3,75 18,5 4,1 XXX 23 
 
2. The influence of the diploid pollen on the number of seeds in red clover diploid 
capitulum (uninsulated lots) 
  
 The average number of seeds in the capitulum, or the actual fertility, gives the best 
indication for the potential seed crop, for the red clover. The literature ascertains that a 
decrease of the fertility may be observed in the polyploid level, especially after 
polyploidization, and an increase of this one after its stabilization under the influence of 
natural selection (Pamfil et al., 1976; Varga, 1983, Pamfil and Savatti, 1984). 
 Table 3 presents the influence of the diploid pollen on the number of seeds / 
capitulum for the diploid red clover variety, Roxana. The lowest average of seeds obtained 
was obtained from the plants in the immediate vicinity of the Tetraploid form, i.e. 0.60 m. It is 
further noted an increase in the average seed capital, the differences not always having 
statistical significance. 
 Regarding the coefficient of variation, for the diploid variety, Roxana, the plants 
growing in the vicinity of diploid pollen source, show values below 20, which means that the 
average number of seeds in capitulum is a very variable character. 
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Table 3 
The influence of the diploid pollen on the average seed number in capitulum for the diploid red 
clover (without isolation) 
 
No
. 
crt. 
Variant 
(distances between  
lines-m) 
Average seeds number/capitullum 
X ±s X  
d T Signific. S% 
1 0,60 (Mt.) 49,1±3,20 - - - 46 
2 1,20 59,0±3,42 9,9 2,1 X 41 
3 1,80 65,2±3,38 16,1 3,5 XXX 34 
4 2,40 58,0±3,27 8,9 2,0 X 40 
5 3,00 57,5±3,01 8,4 1,9 - 37 
6 3,60 59,5±3,38 10,4 2,2 X 40 
7 4,20 54,1±3,91 5,0 1,0 - 50 
8 4,80 56,8±3,49 7,7 1,6 - 43 
9 5,40 61,1±2,85 12,0 2,8 XX 41 
10 6,00 55,9±2,62 6,8 1,7 - 45 
11 6,60 51,7±3,00 2,6 0,6 - 41 
12 7,20 59,9±2,50 10,8 2,6 XX 29 
13 7,80 57,3±2,41 8,2 2,1 X 30 
14 8,40 59,4±2,68 10,3 2,5 X 31 
15 9,00 52,3±2,94 3,2 0,7 - 39 
16 9,60 64,9±2,93 15,8 3,8 XXX 31 
17 10,20 56,3±2,94 7,2 1,7 - 35 
18 10,80 60,5±3,14 11,4 2,5 X 36 
19 11,40 51,8±2,42 2,7 0,7 - 33 
20 12,00 57,3±2,52 8,2 2,0 X 40 
21 12,60 54,1±2,51 5,0 1,2 - 33 
22 13,20 54,4±1,96 5,3 1,5 - 25 
23 13,80 54,0±2,48 4,9 1,2 - 32 
 
r=0,063  
 
The correlation coefficient, r = -0.063, indicating a slight negative correlation between 
the row distance between and the number of seeds in the capitulum of the diploid variety, 
Roxana. Comparing the calculated F (0.07) with F theory, we find that the correlation 
coefficient is not statistically ensured. We believe that the disturbing influence of the diploid 
pollen on the average number of seeds in capitulum, for the diploid variety Roxana is reduced. 
 
3. The influence of the haploid pollen on the average number of seeds for the red 
clover tetraploid capitulum (uninsulated lots) 
 
The data of Table 4 shows that the variety Napoca-Tetra has the lowest average 
number of seeds/capitulum of the first two rows of the plants neighboring the diploid variety, 
i.e. for a distance of 1.20 m. Starting with the distance of 2.40 m practically all the studied 
variants present highly significant positive statistic differences, but regarding absolute values 
the greatest increase was found at a distance starting at 6.60 m from the haploid pollen source 
also confirmed by the highly positive significant correlation coefficient between the average 
number of seeds and the distance from the haploid pollen source. 
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Tab. 4 
The influence of the haploid pollen on the average seed number of the capitulum for the tetraploid red 
clover (without isolation) 
 
Nr. 
crt. 
Variant  
(distances between 
lines-m) 
Average seeds number/flower 
head 
X ±s X  
d T Signific. S% 
1 0,60 (Mt.) 21,5±1,49 - - - 48 
2 1,20 23,0±1,47 1,5 0,7 - 49 
3 1,80 26,8±1,47 5,3 2,5 X 38 
4 2,40 31,1±1,62 9,6 4,4 XXX 36 
5 3,00 32,2±1,79 10,7 7,3 XXX 33 
6 3,60 33,9±1,84 12,4 7,3 XXX 33 
7 4,20 35,3±2,09 13,8 5,3 XXX 42 
8 4,80 38,1±1,93 16,6 6,9 XXX 35 
9 5,40 37,6±1,68 16,1 7,3 XXX 31 
10 6,00 37,2±2,07 15,7 13,2 XXX 39 
11 6,60 40,8±1,97 19,3 7,7 XXX 34 
12 7,20 37,7±1,95 16,2 6,5 XXX 36 
13 7,80 46,8±1,88 25,3 10,5 XXX 28 
14 8,40 48,7±2,30 27,2 10,1 XXX 32 
15 9,00 37,2±1,99 15,7 6,3 XXX 35 
16 9,60 36,4±1,98 14,9 6,0 XXX 38 
17 10,20 39,3±1,59 17,8 8,1 XXX 28 
18 10,80 43,9±2,47 22,4 7,7 XXX 39 
19 11,40 42,8±2,22 21,3 7,9 XXX 36 
20 12,00 39,6±1,60 18,1 8,2 XXX 28 
21 12,60 37,0±1,80 15,5 6,7 XXX 34 
22 13,20 42,9±1,77 21,4 9,3 XXX 28 
23 13,80 46,3±2,62 24,8 8,3 XXX 39 
 
 
 4. The influence of the diploid pollen on the average number of seeds of the red 
clover diploid capitulum (lots isolated with sainfoin) 
 
 
The data in Table 5 asserts that the average number of seeds of the capitulum for the 
first three rows (0 to 1.20 m) shows the lowest values. Although the average number of seeds 
grows in absolute terms, it does not show any statistically assured version of this view. The 
correlation coefficient r = -0.065, indicating a slight negative correlation between the studied 
parameters, correlation that is not statistically assured. 
This time also it is confirmed that the tetraploid forms of the red clover pollen has a 
very minor influence on the production of diploid red clover seeds, if there is a “strip wash” 
between the two genotypes 
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Tab. 5 
The influence of the diploid pollen on the average seed number of the diploid red clover capitulum 
(isolated lines) 
 
No
. 
crt. 
Variant 
(distances between lines-
m) 
Average seeds number/capitullum 
X ±s X  
d T Signific. S% 
1 0 (Mt.) 51,3±2,74 - - - 25 
2 0,60 51,0±2,65 -0,3 0,01 - 36 
3 1,20 49,9±3,78 -1,4 0,30 - 43 
4 1,80 54,6±2,04 3,3 0,90 - 26 
5 2,40 54,8±2,89 3,5 0,80 - 37 
6 3,00 55,4±2,43 4,1 1,10 - 30 
7 3,60 54,8±3,10 3,5 0,90 - 40 
8 4,20 56,5±2,95 5,2 1,30 - 37 
9 4,80 54,9±2,55 3,6 1,00 - 33 
10 5,40 54,8±2,32 3,5 0,90 - 30 
11 6,00 53,8±2,58 2,5 0,70 - 34 
12 6,60 55,6±2,59 4,0 1,10 - 35 
13 7,20 55,4±2,96 4,1 1,00 - 38 
14 7,80 54,8±3,44 3,5 0,80 - 45 
15 8,40 56,4±3,28 5,1 1,20 - 38 
16 9,00 53,2±3,11 1,9 0,50 - 41 
17 9,60 53,8±3,77 2,5 0,50 - 38 
 
 
5. The influence of the haploid pollen on the average number of seeds for the red 
clover tetraploid capitulum (lots isolated with sainfoin) 
 
 
The data in Table 6 show that up to a distance of 2.10 m from the sainfoin insulation 
strip, the number of seeds of the capitulum presents the lowest values. A sustained increase 
can be noted at a distance of 5.40 m, the differences being statistically ensured. 
 The experimental data obtained show that the sainfoin insulation strip largely 
functioned as a "washing area" for pollinating insects. The correlation coefficient r = 0.69, 
presents a strong positive correlation between the number of seeds/capitulum and the distance 
from haploid pollen source, indicating that the haploid pollen negatively influences the 
fertility of the tetraploid red clover. 
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Tab. 6  
The influence of the haploid pollen on the average seed number for the tetraploid red clover capitulum 
(isolated lines) 
 
No. 
crt. 
Variant 
(distances between lines-m) 
Average seeds number/capitulum 
X ±s X  
d T Signific. S% 
1 0 (Mt.) 28,6±1,66 - - - 42 
2 0,60 31,7±1,32 3,1 1,5 - 38 
3 1,20 30,3±1,96 1,7 0,7 - 45 
4 1,80 25,6±1,42 -3,0 1,4 - 39 
5 2,40 37,3±2,06 8,7 3,2 XX 49 
6 3,00 33,1±2,12 4,5 1,7 - 45 
7 3,60 35,1±2,09 6,5 2,4 X 42 
8 4,20 29,4±1,53 0,8 0,3 - 39 
9 4,80 26,9±2,28 -1,7 0,6 - 59 
10 5,40 34,9±2,00 6,3 2,4 X 42 
11 6,00 36,8±2,04 8,2 3,2 XX 39 
12 6,60 35,2±1,76 6,6 2,9 XX 30 
13 7,20 36,1±1,83 7,5 3,3 XX 35 
14 7,80 40,4±1,92 11,8 4,7 XXX 34 
15 8,40 36,2±1,62 7,6 3,3 XX 33 
16 9,00 38,6±1,83 10,0 4,0 XXX 34 
17 9,60 37,6±1,96 9,0 3,5 XX 37 
r=0,69 
 
CONCLUSIONS 
 
Between the two degrees of ploidy we did not find significant differences concerning 
the average number of flowers/capitulum. 
The average number of flowers/capitulum is a character with a medium to large 
variability. 
In a situation where the seed lots were not isolated, the lowest number of seeds linked 
to Roxana diploid cultivar was obtained from plants growing in the vicinity of the Tetraploid 
form. 
The disturbing influence of the diploid pollen on the number of seeds /capitula for the diploid 
forms is insignificant and statistically uninsured. 
The lowest average number of seeds/capitulum for the Napoca-Tetra variety has been 
achieved within the first two rows in the vicinity of diploid variety Roxana. The constant 
increase in the average number of seeds is observed from a distance of 6.60 m from the 
haploid pollen source. 
In a situation where the seed lots were isolated with a strip of sainfoin, an increase of 
the average number of seeds/capitulum of the tetraploid red clover is observed at a distance of 
5.40 m from the first planting diploid genotype. 
The sainfoin isolation strip largely functioned as a "washing area" for pollinating 
insects. 
The presented data show that the haploid pollen derived from the diploid red clover 
has a disturbing effect on the binding process, namely on the tetraploid red clover fertility. 
Unlike this case, the diploid pollen has negative effects on the fertilization and binding 
phenomenon of the diploid red clover. 
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